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A COMPARISON OP TWO-HINGED AND THREE-HINGED ROOF ARCHES.
I .  INTRODUCTION.
The undertaking of the above work was suggested to 
. the w riter a fte r he had struggled through the design of his 
f i r s t  two-hinged arch in practice. During the process of 
this design the text hooks used at the University, the En­
gineering handbooks and the technical lite ra tu re  on the 
subject at the Crerar Library of Chicago were consulted.
The object was to find if  possible, some practical examples 
which would expedite the work of making the preliminary 
assumptions and getting out working drawings.
The w riter believed that there might be sorre close 
relation between a three-hinged arch and a two-hinged arch 
of the same outline and loading; also since neither the one 
nor the other had been designed by him in practice, i t  was 
considered possible that the three-hinged arch would give 
some check on one with two hinges. This idea was conveyed to 
him through a study of sim ilar arches of the two kinds men­
tioned above, for approximately the same loading and outline.
I I .  DATA FOR THE PROBLEM.
The arches in question were to cover an arena of 
about 206' x 200’ . The rise and general outline of the arch 
was to conform, as nearly as the engineering demands would 
allow, to the cross section of the structure drawn by the 
architect. I t  was held desirable, though not insisted upon, 
that the arch, for aesthetic reasons, should be deeper at 
the crown than elsewhere and that i t  should be a smooth 
curve, rather than one with a series of straight lines from
3'
panel point to panel point, as is usually done. As brought 
out in the design following, this was accomplished without an 
appreciable increase inweight.
The depth of the arches at the springing line was 
governed by the desire to have the arena as large as possible. 
The basement floor was to be 6-0” below grade, and in order 
to allow for a ir  and lig h t, in case a building was erected 
adjoining and up to the lo t line, courts between the arches, 
having a depth of about 7*0” , were considered desirable.
This gave ample space for the architectural treatment around 
the foot of the arches. To give fu ll headroom for a l l  parts 
of the arena, necessitated the springing line to be near 
the f i r s t  floor, which was to be 7-*8” above grade. The 
springing line was put 2*-5-1/2” below the f irs t  floor to 
accommodate the t ie .  By using a tie  underneath the f i r s t  
floor to take the thrust, the fu ll width of the lo t was 
u tilized  and thus the reactions and footings were vertica l.
The depth of the arch a t the crown was scaled from 
the a rch itec t’s cross section of the structure, mentioned 
before,as 8*0”. I t  was thought desirable to increase this 
to 9-0” for the sake of the rig id ity  and the bracing of 
the arch. The radii governing the curvature were also taken 
approximately from this section. After a number of tr ia ls  
the outline as presented on Plate I and photographed on 
Plate IX was considered to f i t  the required conditions.
A large number of panels were used to keep the arch 
ligh t and graceful and also to avoid large eccentricities 
due to curvature. The arches were located in pairs forming
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rib s , projecting 2-tO" above the general roof surface, thus 
removing the appearance of an immense half-barrel. As these 
ribs approached the ground, a pleasing buttress effect was 
obtained by shortening the radius of the general roof sur­
face, as shown on Plate IX. The fa c ility  of erection and the 
stiffness of the structure were increased by having the a r­
ches in pairs. I t would be d ifficu lt with single arches 
equally spaced to create a rib effect without reducing the 
effectiveness of the arch bracing.
For the computation of the reactions and stresses, 
the following loads per square foot of roof surface, were 
assumed:
3" Concrete slab - 36#
Composition roofing - 4
Steel - 15
Dead load - 55#
Live or snow load - 25#
Total vertical load - 80#
The additional concrete covering on the lower part of the 
ribs made up for the absence of snow load on the steep por­
tion of the roof. In addition to th is vertical load, a wind
load of 20 pounds per square foot of vertical projection was 
used, with an allowable increase in unit stress of 50$ when
the wind was acting. The City building ordinance under which 
this structure was designed, provides* however, that the 
sections thus determined must not be less than those required 
for the vertical load only.
The wind was neither taken as an alternate to the 
snow load nor with the wind on one side and the snow 
load on the other as is sometimes done, because i t  
was considered unlikely that i t  would affect the de­
sign of many members, since i t  was but one-fourth of 
the to ta l vertical load. The resultant of the wind and 
to ta l vertical loads was used as shown on Plate I. In
5
a structure of th is size and importance,it was thought ad­
visable to have a sligh tly  larger factor of safety against 
exceptional wind pressure than was provided for by the City 
ordinance. A review of the wreck, by unforeseen winds, of 
a number of well designed bridges, viaducts and ore-handling 
plants, seems to ju stify  th is view, especially since the pro­
posed structure is  to occupy a s ite  on the shore of Lake 
Michigan, unprotected by any buildings.
I I I .  PRELIMINARY ANALYSIS AND DESIGN OP THE THREE-HINGED ARCF ,
In order to make the design of the three-hinged arch 
as economical as possible, i t  was decided to place the cen­
te r hinge at the top chord. This seems to be contrary to 
the general practice, the center hinge usually being placed 
between the chords. A review of the position of the center 
hinge in the Proceedings of the American Society of Civil 
Engineers of June 1900, indicates that with the center hinge 
a t the top chord, the arch is  11.8^ more economical than 
when at the bottom chord, while with the hinge between the 
top and bottom chords, i t  is  only 8.8^ more economical than 
when at the bottom chord.
With vertical loads only, the horizontal and vertical 
reactions were obtained by graphics and then the stresses 
were worked out by the same process. From these stresses 
a preliminary design of sections was made. The general d i­
mensions, outline and equilibrium polygons are shown on
Plate 1. The stress diagram of the three-hinged arch is 
shown on Plate I I . The stresses,preliminary sections and 
areas are given in Table I of the Data Sheet, Plate X. The
6number and length of each member is the same for a l l  Tables 
for both the two and three-hinged arches. The lengths of 
the members were scaled from a one-quarter inch scale lay­
out of the arch.
IV. ANALYSIS AND DESIGN OP THE TWO-KINGED ARCH.
The usual method of procedure, as given in the text 
books, for finding sections for the two-hinged arch from 
which to compute the deformations, is  to guess a t them or 
design them from the stresses in the arch as a simplq truss, 
with stresses two or more times as large as those to be 
allowed finally . Unless one has had considerable experience 
in designing two-hinged arches, these sections are usually 
worthless on account of the reversal of stresses in the 
members which have been designed as tension members. I t  
was for the purpose of obtaining sections which would close­
ly approximate the final sections and eliminate, i f  possi­
ble, the necessity of redesigning the sections obtained 
from the f i r s t  horizontal reaction of the two-hinged arch, 
that a preliminary design of the three-hinged arch was made.
The stresses in the arch as a simple tru ss with ver-end
tic a l loads and reactions, that is , assuming oneAanchored 
and the other on fric tion less ro lle rs , were now obtained by 
graphics. Next, with no vertical loads, and with a hori­
zontal reaction of 40,000 lb s ., the stresses in the arch 
as a simple truss were worked out as shown on Plate I I I .
Prom these stresses, the stress Uf, due to a reaction of 
one lb . a t the ro lle r end, were computed, with the 
areas determined from the three-hinged arch, the unit
7
stress P and the valve PLf-E were next obtained. Finally 
the deformation a t the ro lle r end PUL-rS was computed, and 
the summation gave 101.78 inches. The above values are 
given on the Data Sheet in Table I I .
I t  w ill be noticed that there are slight discrepan­
cies in the values given in the second, third, fourth and 
f if th  columns of Table II  and also in some of the other 
Tables. This is due to the fact that the directions of the 
web members in the lower third of the arch were changed afte r 
the values of V  had been found. All of the values of U for 
the chord members were refigured from the revised stresses and 
the sunmation gave 40.51 inches as against 41.61 inches pre­
viously obtained before the change of the web members. I t  
was decided not to re figure a l l  of the remaining members for 
deformation since the error was thou^it too small to affect 
the fina l sections. The revised stresses, however, were in­
cluded in Table I I .
Table III  gives the same quantities as Table II  for 
the arch as a simple truss, but with horizontal reaction 
only. The summation of the deformations gave 49.07. The 
horizontal reaction was found from the ra tio  (101.78 -f-  
49.07) x 40,000 to be 82,800 lb s. called 83,000 lbs. I t  is  
thus shown that the horizontal reactions or thrusts for the 
two-hinged arch are only slightly  smaller than those for an 
arch with three hinges of the same outline and loading. The 
ratio  83,000 87,000 = .953 gives a measure of the re ­
lation between the reactions of two and three-hinged arches
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of similar outline and loading. The Hacker Bridge in 
Munick, Germany, cited in the Proceedings of the American 
Society of Civil Engineers of June, 1900, which was designed 
tooth as a two and as a three-hinged arch, gives a ratio  of 
horizontal thrust of the two, to the three-hinged arch as 
.862. This was for a ratio  of rise  to span of about one- 
half that of the arches of th is investigation.
With the arch as a simple truss, the stresses, in 
the windward and leeward segments for combined wind and ver­
tic a l loads, were next obtained graphically. These are 
shown on Plate IV and recorded on the Data Sheet in Table IV. 
The values given in the columns PUL-f-E were obtained from a 
ratio  of the stresses in Tables 111 and IV multiplied by 
the value of PUL-J-E in Table I I I .  Their summation gave 
116.64 inches. Prom the ra tio  (116.64 -*- 49.07) x 40,000 
the value of the horizontal thrust for combined wind and 
vertical loads was found to be 95,000 lbs.
The stresses in the arch for vertica l loads only 
were found by using the horizontal thrust of 83,000 lbs. and 
were solved graphically as shown on Plate V and recorded in 
Table V on the Data Sheet. Plate VI shows the determina­
tion of the stresses in the arch for combined wind and v e r ti­
cal loads and the stresses, fina l sections, areas and weights 
are included in Table VI. I t  w ill be noticed here that the 
members making up the chord sections were changed from those 
of the preliminary design. The fina l design shows members bet­
te r capable of re s is tin g  the bending stresses due to the ec­
cen tric ity  caused by curving the chords between panel points.
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This was referred to in the f i r s t  paragraph of the second 
a r tic le , Data for the Problem. The strength of the chord 
members about the larger axis with the direct and bending 
stresses was found to be about equal to the strength of 
the chord members about the smaller axis for d irect stress 
only, thus giving an economical section.
The gusset plates for the web members can be le t  in 
between the chord angles, thus requiring only the angles to 
be curved, since there would be only a short section of web 
plate between the gusset plates and this could be s tra i^ it  
or at the most, have a slight cut to prevent i t  from showing 
above the chord angles. The weight of the bare arch, that 
is ,  the members center to center of intersection, not in­
cluding gusset plates, riv e ts , splice plates, lug angles, 
e tc ., is  shown at the bottom of Table VI. The w riter’s 
thesis for the Bachelor of Science Degree on simple roof 
trusses, in which a large number of trusses actually  de­
signed and bu ilt were figured for the percentage of the 
weight of the deta ils  in terms of the weights of the bare 
trusses showed them to be 20$ with a variation of about 
1-1/2$. Since the weight of the members in th is arch were 
figured center to center of intersections, thus giving an 
additional weight not actually there, i t  was thought that
25$ additional would take care of the deta ils . The addi- %
tional 5$ for deta ils  was added because the web members, 
and therefore their details are more numerous than in the 
simple trusses investigated.
—lb
V. PINAL ANALYSIS AND DESIGN OF THE THREE-HINGED ARCH.
The stresses for the three-hinged arch with combined 
wind and vertical loads were next solved graphically, and 
the resu lts entered in Table VII. Then the final sections 
were designed and the weight figured as shown at the bottom 
of the Table. In order to keep the comparison of the two 
and three-hinged arches as nearly parallel as possible, 
the change in sections was made at the same point and the 
same percentage of deta ils  used. An estimated increase in 
weight was made for the center pin and details , the running 
up of the lower chord section, and the ligh t, false bottom 
member at the center. This member would have to be slotted 
a t each end to permit free movement of the arch. It would 
be put in for the arch contemplated in this investigation, 
to give the arch the appearance of continuity and preserve 
i t s  aesthetic appearance.
VI. COMPARISON AS TO STRESSES AND WEIGHT.
It is evident from the stresses for the two types of 
arches investigated, that the weight of the three-hinged 
arch is  greater than that of the arch of two hinges. As the 
computed wei^its indicate, the three-hinged arch is 
heavier than the two-hinged arch. Some investigators in 
th is  field  have found that the weight of a three-hinged 
arch, neglecting the center hinge and i ts  de ta ils , was about 
11^ greater than that of a two-hinged arch, while s t i l l  
others maintain that the former is from 1 to 5% ligh ter than 
the la t te r . It is d ifficu lt to reconcile th is statement
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with the facts brought out in th is  investigation, unless 
temperature and the possible displacement of the hinges in 
the case of the two hinged arch were lib era lly  provided for. 
The following formulae for the weights of two and three- 
hinged arches, deduced from the weights of a number of 
arches that have been b u ilt, are offered:-
For the two-hinged arch:
W = 2.12 aL (I plus L )
875^
For the three-hinged arch:
W = 2.25 aL (1 plus L ). • B?ST"
In the above formulae,
W = the to ta l weight of one arch, 
without tie  or shoes, in pounds.
a s spacing of arches in feet.
L = span, center to center of shoe pins in feet,
COMPARISON AS TO DEFLECTION.
The stress U in each member of the two-hinged arch 
with no loads except 1 lb . at the center of the crown were 
graphically solved for as shown on Plate VII, and entered 
in Table VIII on tjie Data Sheet. The unit stresses P were 
obtained by dividing the stresses given in Table V by the 
areas of the final sections given in Table VI. The summa­
tion of the deformations, computed as previously stated, 
gave a deflection at the center, due to the to ta l vertical 
load, of 3.36 inches.
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On Plate VIII the stress diagram for 1 lb . a t the 
center hinge of the three-hinged arch is  shown. These 
stresses U for each member of the arch were entered in Table 
IX. The unit stresses P were computed from the stresses giv­
en in Table 1 and the final sections given in Table VII.
The summation of the deformations for one-half of the arch 
gave 1.93 inches to which must be added the deflection due 
to rotation about the shoe pin of 2.52 inches, giving a 
to tal deflection of 4.45 inches, as shown in sketch below:
Comparing the two deflections as given above we 
see that the center deflection for the three-hinged arch 
is  32.5% greater than that for the arch with two hinges.
In Merriman, Part I I I , the difference was given as 14% while 
in the Proceedings of the American Society of Civil Engine­
ers, June, 1900, a case i s  cited where the difference was 
30.5%,both cases being in favor of the two-hinged arch. The 
deflection of the three-hinged arch in th is investigation 
has been computed on the assumption that there was no re­
stra in t to rotation at the center hinge, that is , that the 
hinge was fric tion less. We know that th is is not the case
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however, for since the horizontal thrust at the center pin is 
equal to the horizontal thrust a t the lower pins, there must 
therefore he some fric tion  and partial restra in t. This would 
indicate that the three-hinged arch is not free from stresses 
due to temperature. Some writers have even gone so far as to 
state that the stresses due to temperature in the three- 
hinged arch are almost as large as those for a two-hinged 
arch for the same condition, declaring that they were un­
able to discover any evidence of rotation at the center hinge. 
The true condition probably lie s  somewhere between these ex­
tremes, but is perhaps closer to the former assumption.
For the arches considered in th is investigation, a 
tie  between the lower hinges was used. In the case of the 
two-hinged arch, if  the t ie  and arch were subjected to the 
same exposure as to temperature, no corrections would be 
necessary. But since the tie  is beneath the f ir s t  floor and 
is  protected by a covering of three inches of rock concrete, 
i t  would be at a higher temperature in the winter and at a 
lower temperature in the summer than the arch i ts e lf .  The 
winter conditions for the proposed structure for v/hich these 
arches were designed, contemplated a minimum temperature in 
the arena of plus 40 degrees Fahrenheit. To make this pos­
sib le , the temperature near the crown of the trusses would 
evidently be much higher. The basement, which was to be used 
for the stabling of horses, would evidently have to be kept 
a t a much lower temperature than a building used by people.
I t  was assumed, therefore, that the probable extremes in 
temperature between the arch and the tie  would be about 35°.
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Such a variation would cause an increase or decrease 
in the length of the tie  of .00000665 x 211.5 x 12 x 35 =
0.59 inch. In Table III i t  was shown that a movement of 
49.07 inches of the free end of the arch as a simple truss, 
produced a stress in the bottom chord near the crown of 
397,000 lbs. Therefore, a movement of 0.59 inch would pro­
duce a stress of 0.59 -*- 49.07 x 397,000 - 5,950 lbs. for 
30’-Y. With the fu ll vertical load on the arch, the reaction 
of 83,000 lbs. would produce an elongation of the tie,which 
for a unit stress of 16,000 lbs. per square inch would have 
a section of 5.25 sq. inches, of (83,000 x 211.5 x 12) -±­
5.25 x 29,000,000 = 1.38 inches. With the dead load plus one- 
half the live load, the elongation of the tie  would be 
(55 plus 12.5) - 80) x 1.38 = 1.165. As the tie  would be
erected at the length 211'6” * l.l6 5 rf, the variation for 
fu ll live load or no live load would give a movement at the 
ro lle r end of 1.38" - 1.165" = 0.215", resulting in an addi­
tional stress of (0.215 -f- 0.59) x 5.950 = 2,170 lbs. If ,
in addition to the stresses caused by the stretch of the t ie  
and temperature, the wind was acting at the assumed pressure, 
there would be a stress of 109,000 -$•- 1.5 « 73,000. This is  
due to vertical load and wind, with an allowable increase of 
50% in unit stress or a reduction of stress of 50%, which is 
the same thing. The to ta l stress would be 5,950 plus 2,170 
plus 73,000 r 81,000 lbs. The section as designed is good 
for 97,000 lbs.
Thus i t  is seen that a two-hinged arch having a 
ratio  of rib  depth to span of 1/24 or less and a ra tio  of
15
rise to span of about 1 will not have temperature stress-
v 27ST _  ^
es high enough to put them out of competition with the three- 
hinged arch, and it  is the opinion of the w riter that they 
w ill be used much more in the future than they have been in 
the past.
COMPARISON AS TO COST. *
The computed weights of the arches of th is investi­
gation show that the arch with two hinges is 8% more economi­
cal than the arch with three hinges. If the expense of de­
signing is taken into consideration, as i t  should be, i t  
would be in favor of the three-hinged arch. The percentage 
would depend upon the fam iliarity of the designer with the 
problems contained in the two-hinged arch. It would pro­
bably, in any case, take at least twice as long to complete 
the design of a two-hinged arch as i t  would for the three- 
hinged arch. The cost of designing and of making the work­
ing drawings is but a small part of the total cost of a 
structure, however, and would not be likely  to detennine the 
type of arch to be used. These advantages of the three- 
hinged arch may disappear, however, as brought out below.
The w riter is indebted to a large manufacturing 
concern for the following data on the shop and erection 
costs of two and three-hinged arches:
The shop cost of three-hinged arches is from 10 to 
15% greater than for two-hinged arches. The f i r s t  figure 
is for large spans and the second for smaller spans. This 
is  due entirely  to the additional machine work and f ittin g  
for the third hinge. This percentage includes a ll costs ex-
16
cept the cost of the material, and since the three-hinged 
arch weighs about 8^ more than the two-hinged arch, the above 
percentage might be sligh tly  increased.
However, when i t  comes to erection, the balance is  
in favor of the arch with three hinges. If the sections of 
the two-hinged arch are riveted up on the ground, as was done 
with the three-hinged arches for the Armory of the University 
of Illino is at Urbana, and only the crown section is riveted 
on elevated staging while being held in place by the two- 
boom traveler, the cost of erection is from 5 to 1Cif> greater 
for the two-hinged arch. In th is case the field  holes of 
the closing sections are sub-punched in the shop and field  
reamed to insure the arch closing without the necessity of 
springing i t  into place and thereby setting up in i t ia l  stress­
es. This method has been successfully accomplished by the 
firm giving this information.
If for any reason i t  is necessary to erect the 
arch on traveling falsework, the cost of erection might be 
from 15 to ?&% greater for the two-hinged arch than for the 
three-hinged arch. For both of these conditions i t  was 
assumed that the three-hinged arch would be erected by the 
method which was followed at the University of I llin o is , 
which was as follows: The sections of each leaf v/ere r iv e t­
ed up complete while lying horizontal on the ground; each 
leaf in turn was picked up near the center by one of the two 
booms on the traveler and the lower end set and pinned in 
the shoe, with the crown hinge resting on the ground; each 
leaf was then picked up near the crown hinge by one of the
17
booms and rotated upward about the lower hinge un til the 
crown hinge was pinned.
VII CONCLUSIONS.
(1) The two-hinged arch being a s ta tica lly  in­
determinate structure, i t  w ill require a t least twice as
much time to determine the stresses in i t  as would be the
• •
case for an arch of three hinges. The labor can be materi­
a lly  shortened, however, by taking advantage of the close 
relation existing between the reactions of the two types of
i
arches here considered. For arches having a ratio of rise  
to span of about 0.41, the horizontal thrust of a two- 
hinged arch would be approximately 0.95 of that for a three- 
hinged arch. For arches having a ratio  of rise  to span of 
about 0.22, the ratio  would be about 0.86, cited previously 
on page 8. Close approximations could be made for other 
ra tios of rise  to span.
For the values given above, i t  was assumed that 
the rise  of the two-hinged arch was the vertical distance 
from the center line of the hinges to the center between 
the top and bottom chords at the crown. The rise  of the 
three-hinged arch would naturally be the vertical distance 
from the center line of the lower hinges to the center of 
the center hinge. For the former value of horizontal 
thrust, the center hinge of the three-hinged arch was assum­
ed at the top chord of the two-hinged arch, while for the 
la t te r  value, the center hinge was a t the center bweteen 
the upper and lower chords of the two-hinged arch. Using 
these reduced values of the horizontal thrust for the two-
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hinged arch, i t  would seem to he unnecessary, for a l l  prac­
tica l purposes, to design the two-hinged arch more than once. 
However, i t  w ill always he necessary to compute the true 
horizontal reaction from the deformations of the members, in 
order to prove that the approximate reactions as determined 
from the three-hinged arch are sufficiently  close to make 
unnecessary a redesign of the arch.
(2) The temperature stresses in both the two and 
three-hinged arch require careful consideration; hut, for
a range of 50 degrees above or below normal, for arches 
having a ratio  of rise  to span of 1/24 or less, these stress­
es w ill probably require but l i t t l e  if  any extra section, if 
the design is  consistent with good engineering practice.
(3) The two-hinged arch is  a s t if fe r  structure 
than the arch with three-hinges.
(4) The deflection of the former is from 15 to 
30^ less than for the la t te r , a t the center, neglecting the 
fric tion  on the center pin.
(5) The la te ra l bracing of the two-hinged arch 
is more efficient than for the three-hinged arch and the 
former w ill need less repair and attention, on account of 
i ts  smaller center deflection, than the la tte r  especially 
when used to support the roof of a structure.
(6) The two-hinged arch is from 8 to more 
economical as to weight.
(7) The fabrication of the two-hinged arch is 
from 10 to 15% less than that of the three-hinged arch.
(8) The erection of the former is from 5 to
greater than the la t te r , depending upon the methods used.
(9) Special care must he taken in setting the 
shoes of the two-hinged arch, in order that there he no 
stresses set up in the arch.
(10) Two and three-hinged arches having a tie  at 
the lower hinges to take the horizontal thrust, are safe 
and economical structures to huild. For the two-hinged 
arch, where there is the sligh test chance for settlement of 
the footings, i t  would he safer to use a tie , if  i t  can he 
protected from accidents.
(11) For the arches of this investigation i t  
would seem that the arch with two hinges is the more economi­
cal, a l l  things being considered.
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b - 7 70 6 44,000 ZLs4 X 2 x § 4.96 6 53,000 + 11,000 +.032 + 120 + .036 + 48,000 -  10,000 - .01 9 41-20 -  .034 4 as,ooo 4 60,000 + 1.20 -  .06/ - .04 3 4 44,000 4- 24,000 + 56,000 Z l f 4 x 3 x f* 4.18 >4-4 + 33,000 4 59,000 ZL*4* 3 x £ 4 / 6 14.4 +10,500 +.025 + .47 +.012 + II.SOo + 028 + .52 +.015
7 - 6 4 9 r- 44,000 ZloZixZxft, z .b z - 39,000 -  Is,000 -.032 -  .55 + 418 -  44,000 4 8,000 4 .018 -  .55 _ .010 -  S2JOQO -  42400 _  .S5 -  .024 -  .019 -  41,000 -  78,000 -  52,000 ZU 3ix3xf* 3.86 I3 .Z -  32,000 -  66,000 Z L * 3 ix 3 x ft 3.86 )3Z -11,700 -.020 -  -42 f.oofi —II,+00 —, 0/9 -  -46 +.009
3  - 9 7 5 4 28,000 ?L* 3 ix 2 ix % 3.56 + 70,000 4 Z0,000 4.061 4-1.13 + -068 + 4S,ooo -  13,000 4  .039 +jU3_ *  .013. 4 95,000 ■+ 7 /,OOO 41.13 -  .093 _  .070 + 25,000 + 13,000 + 36000 ZU ZixZixfi 2.94 t o o + 19,000 + 38,000 Z U Z ix Z ix f Z-94 10.0 + 9 ,500 +.024 + .39 +.009 +  9,500 +.024 + .43 +.010
9 - 1 0 5/ -  36,000 ZL*2i<2<?t Z.6Z -  45,000 -  17,000 -.039 -  -43 + .0)7 -  43,ooo + 7,000 4.015 -  .43 -  .002 -  SOMOO -  46,000 -  .43 -  .019 - .0 17 -  33.000 -  20,000 -  43.000 ZL s3xZix % 3.24 n.2 -  26,000 -  47,000 Z L *3xZ ix ft 3.Z4 n .z -to ,Z oo -.0(8 -  -4) +007 -11,100 -.0 2 0 -  .45 + 009
/o-/ / 8/ 4 9,000 » 6 81,000 4 31,000 4.101 41-07 + .10 9 4 42.000 -  16,000 -.0 5 4 41-07 -  .038 4101,000 + 36.000 41.07 -  .117 -  .116 + 5,000 -  3, OOO 4 >3,000 ZU ZixZhxft Z-94 10.0 4 3,000 + Z 1,000 ZLsZixZixfs Z-94 10 0 + 1,700 +.00S + •31 +.001 + 3,100 + .009 4 -36 +.O03
/ /  - i z 5 4 - 24,000 -  45,000 - 17.000 -.040 -  •?! 4 .009 - 45,000 -+ 3,000 -6.008 -  .21 -  .002 -  45,000 -  46,000 -  . 2/ -.0 09 -  .009 -  20,000 - 11,000 -  29.000 -  15,000 -  35,000 „ -  6,800 -.013 -  .35 +.005 -  a, zoo - .0 1 5 -  -39 +••006
IZ -13 8 4 -  IS,000 .. . + 88,000 4 33.000 4.117 + -88 4-101 4 3SI0O0 -  13.000 4 .047 + .88 + .04 / 4/DZ,000 4 96,000 + .8? -  .110 -  .IIZ -  17,000 -  19,000 -  12,000 -  16,000 -  5,000 „ „ + 5,800 +.0>b + -16 +.003 -  SHOO -.0 1 5 + .19 -.003
1 3 -/ 4 5 8 -  12,000 Z L *3ix?ix j 4.22 -  42,000 -  10. ooo -.025 -  .03 .000 - 4-hOOO 4. ,300 ■ .00 -  .03 .OO -  35.000 -  43/300 - .0 3 .00 . ,00 -  8,000 - 2.000 -  17,000 „ .. -  7,000 -  23,000 „ -  2  700 -OOS -  .31 +.002 -  4,000 ~.008 -  -34 +.003
1 4 - IS 9 3 -  35,000 Z U Z ixZ xr. Z.6Z 4 66,000 4 33,000 4 .IIS + .69 4 .066 f  27,000 -  11,000 -  .039 4 -6S -  .OZ7 +  98.000 4 100,000 + •69 _ , 096 _  .010 -  37.000 -  33,000 - 34,000 ZLS 4X 3 x 4.18 14.4 -  25,000 -  89,000 ZU-4X3X ft 4.18 14 .4 + 8,800 +.028 + .05 +.00/ -  6,4oo -.027 + -/z -.003
/ s  -/(. 6 3 -  31,000 ZLs4 x 3 *  j 4.96 -  36ROO -  7,000 -.015 -  .15 + .003 -  24,000 -  1,000 -  .003 . . I S *.001 -  Zb, OOO -  36,000 - .I S 4-002 + .003 -  29,000 -  21. OOO -  35,000 Z U 3 x ? U n 3. Z4 n .z -  26,000 -  38.000 Z L * 3 x 2 ix f i 3-24 n -z -  9.000 -.020 -  .25 + .005 -  9.600 -  .272/ -  .JO + .006
I k -1 7 99 6 47.000 T L ^ x Z ix ft 3.24 4 96,000 4 30,000 4.119 -  .59 -  .070 -  23,000 -  7/100 -  .030 - .5 9 4 .017 + 97.000 + 96,000 -  .59 -  .071 -.070 + 48,000 + 42,000 + 47.000 ZLs 4 x 3 x  f+ 4-16 14 .4 + 40,000 4 43,000 ZL* 4X 3 x % 4.18 14 4 +-11,500 +.040 +.04 +.002 4 11,200 +.038 + .03 + .OO)
17-/8 6 8 -  54,000 ZB 5X3 x £ 4 8 - 41,000 -  9,000 -.024 -  .13 + .003 -  6,000 -  1,000 -  .001 -  • 13 + .00 -  27.000 -  38,000 _  .13 4.002 + .003 -  S3,OOO -  42,000 -  s to o o ZU5X3X fo 4-80 16.4 -  43,000 - 57.000 26*5X 3 xf*. 4-80 16-4 -  11400 -.026 -•23 +.006 -  H,3oo -.026 -  .24 + .006
1 8 -1 9 105 6 SO,000 z e M x Z ix n 3-56 + 111,000 + 31,000 * - m -  .70 - .095 -  28ROO -  3,000 -  . 034 -  .70 + .024 4 108,000 + 106,000 - .7 0 -  .09} -  .091 + 42,000 4 45,000 4 SO, OOO ZLE4x3xf6 4 3 8 /4.4- 4 43,000 + 47,000 Z B 4 * 3 x f t 4.18 1 4 4 + 10,000 + •036 + .<3fc +4)0 Z + 12,000 +.044 + .04 + .002
1 8 -2 0 7 2 - S 1,000 2LS4X 3X £ 4.18 -  47.000 -  11,000 -.033 -  .10 f “.003 -  5,000 -  IDOO -  .003 -  .10 + .00 -  32,000 -  4-1,000 -  .10 + .001 + .003 -  50,000 -  41,000 -  54,000 ZUSX3X u 4 . So lb-4 -43 ,00 0 -  55,000 ZLS S  X 3  x ft 4.&o 16.4 -  10,400 -.026 '  24 +.00 6 - 10,600 —026 -  25 +.007
2 0  -Z l 1/3 + S3A01 f r z i x z i x g 4ZZ 4 1/0,000 4 26.000 4.120 -  .65 -  .018 - 25.000 -  6,000 - ,0Z8 - .6 5 +  AI6 4 109.000 4Hb,ooo - .6 5 -.077 _  .084 +  54,000 + 45,000 + 5T2/OOO ZLS 4 X 3 x  ft 4.18 14.4 + 4  3,00 0 4 4 8,000 Z lf4  X 3 x  f 4.18 14.4 + IZ.900 +.050 + -IZ +.006 + 12,700 +.050 -4 .10 +.005
Z I-2L 7 S -  48,000 11*4x3 x & 448 -  40.000 -  10,000 -.029 -  .13 + .004 -  6,000 -  1,000 - .004 _  .13 + .00 -  26,000 -  4 0,000 -  .13 + .001 + .ooi -  47,000 -  37,000 -  Si,ooo " -  38,ooo -  51,000 „ -  11,200 -2329 -  .24 +.007 - 11,500 -.030 -  .25 ' +.008
Z Z -2  3 121 t  49,000 Z L *3i*2i*f 4.22 6 106,000 4 25,000 +.1)7 -  .61 - .O K - Z5,000 -  6,000 -  027 - .6 1 + -0/7 4 49.000 +110,000 -  .61 -  .067 -  .074 + S 2,Ooo + 41,000 + 55,000 + 40,000 + 50,000 + 12,400 +.0S2 + ./S +.009 + 11,700 4.84? -+.I6 +.ooa
Z 3 -2 4 78 -  45,000 ZL*4x3 * fi, 4 . It - 30,000 -  7,000 -.023 -  .IS 4 .004 - 8,000 -  2,000 -  .006 - .1 9 4.001 -  15,000 -  31,000 -  ->8 + .002 4.004 -  45,000 - 34,000 - SI,000 „ -  3 6,000 -  51,000 -  /o,0oo -.029 -  .29 +.008 -  lO.fo 0 -.029 -  .3/ + 009
2 4 -2S 126 6 44,000 ZLs 3 j  *Z v\ 4.21 + 98,000 4 23,000 4. IIZ -  .56 -  065 -  22,000 - 5,000 -  .0Z6 - . 5 8 4-002 4 95,000 + N9.000 - . 5 8 -  .063 -  .077 + 50,000 + 39,000 + S 2,000 „ 4 37,ooo + 49,000 + 12,000 +.052 4 -2o +.0)0 + ll,Soo +.050 + -19 +-<3)0
Z S -Z b 81 -  43-000 ZL *4x3xff 4 .i8 -  17,000 -  4,000 -.0)3 -  .29 + .006 -  12,000 -  3,000 -  .009 - .2 9 4-003 -  2,000 -  20,000 -  .25 + .000 + .00S -  42,000 -  31,000 -  50,000 _ 32/300 -  SO,000 -  10,000 -.028 -  . J3 +.009 - 10,300 -•029 -  -35 +.0/0
24-27 128 + 47,000 Z l?3?xZ i*7t 3.56 + 87,000 4 14,000 4.119 -  .45 - 0J8 -  20,000 -  5,000 -  .027 -■49 4.013 + 81,000 4 96,000 - .4 9 -  054 -  .064 4 48,000 + 3S.OOO + 53,000 + 35,000 + 47.000 + 11.500 +.05) 4 .30 + 0 /5 + II, Zoo + .050 + .29 +.0)5
2 7 - 2 8 8 3 -  38,000 2 1 *32 X 3 ** 3 -86 - 5,000 -  1,200 -.004 - .3 8 + 002 -  IS,000 -  4,000 -  .0/3 -  .38 4-005 + 12,000 - 5,000 -  .38 - .004 + .002 -  3 8,000 -  26,000 - 44000 lL3 3 z X 3 x ft 3.8b I3.Z -  27,000 -  44,000 ZL£3 i x 3 x f t 3.56 13. z -  9,900 -0Z8 -  .35 +.010 -  9,900 —.028 -  .37 +.010
Z 8 -2 9 141 + 43,000 Us 3 * 2 i * n Z70 4 ai.ooo 4 30,000 + .15) -  -45 -  .048 -  19,000 -  7,000 -.OJf- -  .45 4 0)5 4 71,000 4  90.000 -  .4 5 -.06 0 -.0 7 6 + 44.000 + 30,000 4 4 8,000 Zls4 x 3 a £ 4.18 14.4 + 27,000 + 44,000 ? U 4 X  3 x f . 4 / 8 144 + 10,500 +•05) + .37 +-0/9 + 10,300 + .050 +  >3fc +.0)8
2 9 -3 0 88 -  35,000 - 4 5,040 4 1,000 +.007 -  .45 + .003 -  19,000 -  7,000 -.023 -■45 4 010 4 23,000 +  5,000 -• 4 5 - . 0/4 -.003 -  32.000 -  11,000 -  40,000 Z L *3X ?ix£ 3.24 n -z -  24.000 -  42,000 Z U 3 A Z ix € 3.24 ll>Z -10400 -.030 -  -37 +43// -10,600 -.<333 -  .39 I t * ) ? -
3 0 - 3 / 143 4 36,000 7 8  3 x 2  X ft 2-94 + 64.000 4 27X100 +.137 -  .34 -  .046 -  14,000 -  6,000 -.029 - , 3 f 4- .010 + S7,0*o +  78,000 -  -34 -  .041 - '0 5 6 + 3^000 +  2 44)00 + 43,0.00 .. + 24,000 + 38,000 + 11,400 + -42 +.024 + 11,100 + P 55 _ + -0Z3
3 1 -3 2 9 2 -  28,000 + 25,000 4 10,000 + 034 - .6 0 -  .Oil -  24000 -  /o.ooo -  .015 -.6 0 4 4 2 1 + 41/100 4  Z3.000 -  .60 -.036 -  .020 -  26.000 -  16,000 -  35000 „ » " -  19,000 -  35,000 -  8,000 -.025 -  .40 +.0/0 -8 . ( 0 0 -.027 -  .42 +■011
3 2 -3 3 IS 2 6 30,000 2l?Z\xZx % ZbZ 4 56,000 4 21,000 4.116 - Z S - .030 -  II,ooo - 4,000 - 0 2 / - .2 5 4 .005 445,000 4 6 3,000 — *25 -.0 2 4 - O J J 4 3 2.000 + 17,000 + 39.000 Z L S zix lix ft Z-94 10.0 + 20,000 4 33,000 ZLs z i  xz ix ft Z-94 10.0 + 4-900 +457 + ■49 +4326 + 10,200 +.053 +  •48 +.025
3 3 - 3 4 9 4 - 22,000 2 L * 3 x Z x f 1 9 4 6 38,000 4 13,000 +.046 -  .73 -  .033 -  29,000 - 10,0/0 -.0 3 5 -  -73 4 .026 4 57,000 + 39.000 -  73 -  .050 - .0 3 4 -  20,000 -  9.000 - 29,000 Z L fa x Z ix ft 3-24 n.z -  73,000 -  32,000 2Ls3 x Z i x g 3.24 n-z -  (o,Z00 -.020 -  -40 +.008 -  6,800 -0 Z 2 -• 4 / +.009
3 4 -3 5 152 * Z5,000 Z M ir Z x f t Z 6? 6 30,008 4 H,000 4.063 - .20 - .013 _ 9,000 - 3,000 -.017 -  . 20 + .003 4 30 000 + 57,000 - .2 0 -.013 -.0 24 +  26. ooo 4 10,000 4 34,000 ZLs 2 i x l k  xfi 2.94 / 0.0 + 11,000 4 30,000 l U Z i x l i * } ,  ^ Z-94 /o.o + 8,900 +.047 4 *56 . +026 -8,500 -.045_ ± j 52 ±*23_
3S-3C, 9 5 -  '7,000 Z & S xZ xft Z-94- 645,000 + 15,000 +.05S - .75 -•041 -  3/,OOO -  10,000 -.036 - .7 5 + .027 i  68,000 + 50,000 - .7 5 - .0 6 3 - .0 4 7 -  14,000 -  4,000 -  23,000 ZU 3 x z i l  ?f 3 2 4 n-z -  8,000 -  26,000 ZLS3xZixft 3 Z 4 IIZ '  4,300 -.0/4 -  -43 .+•006 -  S400 -.0)7 _ -  -45■ +.008
3 6 -3 V IS2 + 16,000 c U z i * z * f L Z-bl f  28,000 4 11,000 + •059 - .IS -  .009 -  6,000 -  2.000 -.013 - . I S + .002 4-I4MOO + 39,OOO -  .15 - .  OOS -  .012. 4 15,000 -  1,000 + 76,004 Z L sz ix lix ft Z-94 )Q 0 +  2,000 4 23,000 zuzi.xzk.xft,i Z-94 IQ.O + SHOO + .027 + -66 4.0/8 _ +  5,5(30 _±jb£ + 019
37-36 9 5 -  5,000 ZLS3xZ*ft Z-94 4 64,000 4 22,000 +.070 -.0 3 - .064 -  3S/OO0 -  11,000 - .o 4 o -  .63 + .033 +03,000 4 64,000 -  .83 -  .083 -■064 -  7.000 -  3,000 - 16,000 ZLS-SxZix ft, 3-24 n.z -  S,000 -  10,000 ZU3X 2 i x  72 3.24 n .z -  -2,200 —4)07 4 00 31 -  1,600 -O o f + .»0!7 O
W 3 S 8 152 -  4,000 z i^ ix z x ft , Z-bZ 6 6,000 + 23400 +./Z7 -■ 08 4 1,000 -  1,000 -  .063 -  -08 +  .oos -  4,000 +  15,000 -  .08 +  .006 -  .024 + 5,000 -  9,000 4 13,000 Z L s i ix z U i, 2-94 100 + s.ooo -  16,000 ZLS z U z ix f i Z-94 10 0 4 1,700 + .009 + -7+ +.007
39-39' 9 5 4 72,000 4 25,000 +.066 - .8 6 -  -077 -  37.000 -  12400 -  .043 - . 8 8 + .019 + 02,000 4 82,000 -  -98 -  .088 -  3,000 -  4,0/0 ZLsiKZixft 3 2 4 u-z -  14-70 -.001 - .46 0
2E  P U L  -  101.7 6 " 4 9 . 0 7 * £ f M r  = l l 6 . b V
WEIGHT of Pare  Truss *  39,300* 
Details  0  2'5*7° » 10 ,0°°
WexiEr o f  B a r e  Truss = 4 Z,j 
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